Introduction
Small scale fading and large scale fading degrade system performance and limit quality of service (QoS). Received signal experiences multipath fading resulting in signal envelope variation and shadowing resulting in signal envelope power variation. Reflection and refraction of radio wave cause short term fading and large obstacles between transmitter and receiver cause long term fading. It is important to determine how small scale fading and large scale fading affect performance of wireless communication system as outage probability and bit error probability. There are more distributions which can be applied to describe short term signal envelope variation depending on propagation environment. The most used statistical models are Rayleigh, Rician, Nakagami-m, Weibull and α-μ distributions [1] . Rayleigh and Nakagami-m distributions can be applied to describe signal envelope variation in linear non line-of-sight (LOS) multipath fading channel. In line-ofsight multipath fading environment, small scale signal envelope variation can be described by using Rician distribution. Weibull and α-μ distributions can be used to describe small scale signal envelope variation in nonlinear multipath fading channel dependent on the number of clusters in propagation environment [2] .
There are two distributions which can be applied to describe large scale signal envelope power variation in shadowing fading channels. These statistical models are log-normal distribution and Gamma distribution. Log-normal distribution well describes large scale signal envelope power variation but it does not lead to closed form expression for probability density function of output signal envelope. The expression for outage probability of wireless communication system subjected to long term fading has a closed form, when Gamma distribution describes signal envelope power variation.
Macrodiversity system has one macrodiversity receiver and two or more microdiversity receivers. Macrodiversity receiver reduces large scale fading effects on outage probability and microdiversity receivers reduce small scale fading effects on outage probability. Signal envelope at output of macrodiversity receiver is equal to signal envelope at output of microdiversity receiver with greater signal envelope power at inputs [3] .
In this paper macrodiversity selection combining (SC) receiver with two microdiversity SC receivers is considered. There are several combining techniques that can be used to mitigate the influence long term fading and short term fading on system performance. The most frequently combining techniques are maximal ratio combining (MRC), equal gain combining (EGC) and selection combining (SC). MRC receiver enables the best performance and it has the highest implementation complexity. The MRC receiver requires channel state information on each diversity branch and need provide receiver train on each diversity branch. The EGC provides performance comparable to MRC and it has lower implementation complexity than the MRC receiver. The SC receiver has the least im-plementation complexity due to the processing being performed only on one diversity branch. The SC receiver selects and outputs branch with the strongest signal envelope [4] [5] .
The first order performances of wireless communication systems are outage probability, bit error probability and channel capacity. The second order performances of wireless systems are level crossing rate and average fade duration. Level crossing rate can be calculated as the average value of the first derivative of output signal envelope. Average fade duration can be calculated as a ratio of outage probability and level crossing rate. Outage probability is defined as probability that signal envelope falls below the threshold.
There are more works considering macrodiversity system with correlated branches [6] and level crossing rate of macrodiversity systems [7] [8] [9] . In [10] , macrodiversity system with macrodiversity SC receiver and two microdiversity MRC receivers are analyzed. Received signal is subjected simultaneously to Nakagami-m multipath fading and Gamma shadowing. Macrodiversity SC receiver is applied to reduce Gamma shadowing and microdiversity MRC receivers are used to reduce Nakagami-m multipath fading. Closed form expressions for average level crossing rate and average fade duration are calculated. In [11] , level crossing rate and average fade duration of macrodiversity system with macrodiversity SC receiver and two microdiversity MRC receivers operating over Gamma shadowed Rician multipath fading environment are evaluated.
Macrodiversity system with macrodiversity SC receiver and two microdiversity SC receivers is considered. Received signal experiences short term fading and long term fading resulting in system performance degradation. Microdiversity SC receivers are used to combat Rayleigh short term fading and macrodiversity SC receiver is used to combat long Gamma term fading. Closed form expression for level crossing rate considering macrodiversity system is calculated. To the best author's knowledge, wireless communication system with macro and micro structures operating over Gamma shadowed Rayleigh multipath fading channels is not reported in open technical literature. Obtained results in this paper can be used in performance analysis and designing macrodiversity systems with macrodiversity SC receiver and two or more microdiversity SC receivers in the presence of Gamma shadowing and Rayleigh multipath fading.
Rayleigh Random Variable Level Crossing Rate
Squared Rayleigh random variable can be expressed as a sum of two independent, zero mean Gaussian random variables x 1 and x 2 with the same variance:
where x is Rayleigh random variable. The first derivative of x is  
where 1 x  and 2 x  are independent, zero mean Gaussian random variables. Therefore, x  is Gaussian random variable as linear transformation of Gaussian random variables. The average value of x  is:
The variance of the first derivative of Rayleigh random variable is
The level crossing rate of Rayleigh random variable can be calculated as average value of the first derivative of Rayleigh random variable:
The expression for level crossing rate of Rayleigh random variable can be used in performance analysis of wireless communication system operating over Rayleigh multipath fading environment.
Level Crossing Rate of SC Receiver Output Signal Envelope
The average level crossing rate (LCR) is a measure [12] that clearly reflects the performances of fading affected system and is used for modeling of wireless communication systems. LCR is related to criterion used to assess error probability of packets of distinct length [4] , and to determinate parameters of equivalent channel, modeled by a Markov chain with defined number of states. LCR is used for determining of the rate at which the envelope of the received signal crosses a specified defined level. Double SC receiver operating over Rayleigh multipath fading channel is considered. Signal envelopes at inputs of SC receiver are denoted with x 1 and x 2 and signal envelope at output of SC receiver is denoted with x. At inputs of SC receiver identical and independent Rayleigh multipath fading is present. Probability density function of SC receiver output signal is
where F x2 (x) is cumulative distribution function of Rayleigh random variable:
After substituting (11) in (10), the expression for p x (x) becomes
where Ω is signal envelope power.
The joint probability density function of x and x  is
Level crossing rate of SC receiver output signal envelope is   
The expression for level crossing rate can be applied for calculation of average fade duration of wireless communication system with dual SC receiver operating over Gamma shadowed Rayleigh multipath fading channels.
Level Crossing Rate of Macrodiversity SC Receiver Output Signal Envelope
Macrodiversity system with macrodiversity SC receiver and two microdiversity SC receivers operating over shadowed multipath fading environment is considered. Short term Rayleigh fading and Gamma correlated long term fading are presented at inputs of microdiversity SC receivers. Macrodiversity SC receiver reduces signal envelope power variation and microdiversity SC receivers reduce signal envelope variation on system performance. Signal envelopes at output of microdiversity receivers are denoted with x 1 and x 2 and macrodiversity SC receiver output signal envelope is denoted with x.
Signal envelopes powers at inputs in microdiversity receivers are correlated. Signal envelope powers Ω 1 and Ω 2 follow Gamma distribution [11] : 
where K n (x) is modified Bessel function of the second kind, order n and argument x.
Numerical Results
In Fig. 1 and Fig. 2 , normalized average level crossing rate of macrodiversity SC receiver output signal envelope versus macrodiversity SC receiver output signal envelope is plotted. For lower values of SC receiver output signal envelope, average level crossing rate increases as signal envelope increases and for higher values of signal envelope, level crossing rate decreases as signal envelope increases. The influence of signal envelope on level crossing rate is greater for higher values of signal envelope. Level crossing rate decreases as Gamma fading severity increases. For higher values of Gamma shadowing severity, long term fading is of less severity. Graphical results are shown; average level crossing rate increases as correlation coefficient increases. Diversity gain decreases as correlation coefficient increases. In Fig. 3 , normalized average level crossing rate of macrodiversity SC receiver output signal envelope versus Gamma shadowing severity parameter c for several values of correlation coefficient is plotted. Average level crossing rate decreases as Gama fading severity increases. When Gamma fading severity parameter c goes to infinity composite Gamma shadowed, Rayleigh multipath channel goes to Rayleigh multipath fading channel.
Normalized average level crossing rate of macrodiversity SC receiver output signal envelope versus correlation coefficient ρ for several values of Gamma shadowing severity is illustrated in Fig. 4 . Average level crossing rate increases as coefficient of correlation increases. Outage probability is better for lower values of average level crossing rate. When correlation coefficient goes to 1, level crossing rate has maximum and system performance is the worst. For the case, the least value of signal envelope occurs at both antennas.
Conclusion
Macrodiversity system with macrodiversity SC receiver and two microdiversity SC receivers subjected simultaneously to Rayleigh multipath fading and Gamma shadowing has been analyzed in this paper. Closed form expressions for LCR of macrodiversity SC receiver output signal envelope are derived. Capitalizing on obtained expressions numerical results are presented graphically to show Gamma shadowing severity effects and correlation coefficient effects on LCR of macrodiversity system output signal envelope. LCR reduction has been analyzed as a function of Gamma fading severity decrease and correlation coefficient decrease.
Presented performance evaluation for proposed communication scenarios provides insight into the performance dependence on key system parameters. Presented LCR analysis allows system designers to perform trade-off studies among the various communication type/drawback combinations in order to determine the optimal choice in the presence of given constraints.
